The distribution of currents, i b , in the bonds b of a randomly diluted resistor network at the percolation threshold is investigated through a study of the moments of the distribution P^(i 2 ) and the moments of the distribution P(y), where y=-lni b 2 . For q>q c the qth moment of P^(i 2 ), M q (i.e., the average of i 2q ), scales as a power law of the system size L, with a multifractal (noise) exponent ψ̃(q)-ψ̃(0). Numerical data indicate that q c is negative, but becomes small for large L. Assuming that all derivatives ψ̃(q) exist at q=0 + , we show that for positive integer k the kth moment, μ k , of P(y) is given by
I. INTRODUCTION Recently there has been increasing interest in the multifractal description of probability distributions on fractal structures. Originally proposed to treat nonuniform turbulence, ' this formulation provides a mathematica1 framework within which it is possible to discuss systematically families of fractal measures which may be used to characterize a fractal set. For example, fractal measures have been introduced to describe the nonuniform growth probabilities in diffusion limited aggregation (DLA), strange attractors in dynamical systems, ' and localized wave functions of particles in a random potential, to name but a few. One of the first and most systematically studied cases concerns the distribution of currents in bonds of a randomly diluted resistor network at the percolation threshold, which we will refer to as a percolating resistor network. Roughly speaking, and as we will see in more detail later, a multifractal distribution is one which displays power-law scaling as a function of the system size, L, but with continuously variable exponents, f (a), associated with different regions (a) of the distribution. One central question with regard to any of these systems is the degree to which the multifractal formalism provides a complete description of the entire distribution function for the stochastic variable. As we will discuss in more detail later, while the multifractal formalism does describe most of the important features of the distribution function, some of the finer details are not naturally contained in this framework. This situation is perhaps analogous to attempting to describe the Griffiths singularity ' in dilute Ising systems within the renormalization-group framework. In both the random resistor network and the dilute Ising model, one has a dominant power-law behavior which is naturally treated in a multifractal or renormalization-group approach. This approach works best when properties at large length scales can be obtained recursively from those at small length scales. However, rigorous arguments' ' ' also indicate the presence of tails in the distribution function which occur with exponentially small probability and which are thus not easily accessible to such recursive formalisms. If the stochastic variable is denoted by x (in the following x =ib, where ib is the current in the bond b of the percolating resistor network), then a multifractal distribution of x implies that the qth moment of x, denoted M (L), varies as a power of L with a q-dependent exponent. As we discuss below, large percolating networks have currents of order i 2;"ẽxp( KLt'), which resul-t in an exponential growth of M (L) with L, for q (q, &0 A second question, which recent work' has suggested, is whether or not the rather complicated multifractal scenario could be completely obviated by considering the distribution for lnx. In particular, one might ask whether this distribution would be a function of a reduced variable of the form inx/(InL)~, where P is a crossover exponent. A priori it is not clear that one can generally hope to reduce all the information in an entire multifractal function to a unifractal one, i.e. , to one with a single scaling exponent, P. In view of these questions, this paper is devoted to a study of the distribution function for the logarithms of the currents in percolating resistor networks. A convenient way to access the distribution of lnx is to consider the kth moment of lnx, pk. Our arguments show that pk scales as (lnL)", i.e. , /=1. Thus Noting the relation between cumulants and averages, and
In fact, ao, C&, and D& can be measured from such ratios.
Further, Eq. (3.5) implies the universality of the ratios 
is a striking one. As we have said, there seems to be no reason to expect that derivatives of g(q) as q~0+ could diverge. Also lnA seems to display hardly any dependence on q.
' ' These observations seem to justify Eq. tions which may be due to higher-order finite-size corrections. Also, as we shall see in paper II, series expansions are consistent with Eqs. (3.6) and (3.7), but at present the data is not conclusive on this point. (4.7b). Thus, Fig. 2(b) ], a grows from ao (where f has its maximum) to n(), and q =(df /da) changes very slowly from 0 to q, [see Fig. 2(b) ]. Thus the f (a) curve is locally very close to a straight line. For asymptotically large a (small currents), the slope approaches q, and then one ends up with the asymptotic behavior of Eq. (4. 17), with b = -q, . However, we note that even when e =7 in Fig.   2 , i.e. , when i =L, the effective local slope of f (a), which we read from Fig. 2(b) , is only of order q = -0.4, compared to q, = -min(b*, 1)= -1 here. Given a measured graph like Fig. 2(a) , and fitting its right-hand side to an effective straight line, thus yields an upper bound for q, which may be wrong (i.e. , less negative) by more than a factor 2.
It should be noted that the above scenario yields a continuous function f (a) for all a, although )t)(q) is infinite for q &q, . Thus, the "phase transition" in P(q) is not refiected by any singularity in f (a).
The specific form Eq. (5.2) may also be used to estimate the finite-size corrections to f (a), as given by Eq. (4.5b).
We recall that the q dependence of 2 has been found numerically to be quite small. ' Although the e expansion yields a divergence of f(q), it is not clear whether or not the field theory contains all the Griffiths-like rare small currents. Here we discuss their effect on f (a).
In Ref. 12 , BMAH attributed the divergence of negative moments of the current to ladder configurations.
They showed that a ladder with k rungs, whose minimal current for large k is of order Fig. 3 . In summary, in this scenario, the ladders do not affect the asymptotic f (a).
The scenario of Fig. 3 can be discussed in terms of the behavior of r(q, L). As Fig. 3 Fig. 3 
